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This preliminary report contains the essential observaticns and
conclusions by the Jdational o x-su of Htandards of a breoken aircraft
engins cylinder submitted 1n accordance with a letter, dated .une 3,
1938, from the Bureau of Air Commerce.

The cylinder, which wa= stbmitted in three pieces, showed two
characteristic vypes of Tailure One type of fairlure was a fatigus
fracture which originated on the to-side of ite hold-down flange, in
the immedizte vicinity of the clearance space cut into tne fillet in
the anglc between the flange and eylinaer wall. Tne characteristic
markings of a fatigue fracture were plainly evident on the surfaces of
fracture in the hold-down flange, which was completelv severed 11 a
direction at an angle to the axis of the eylinder Tne shape of these
markings indicated that the origin of the fatigue fracture was most
probably in the clearance cat, as stated epove. The fatigae fracture
had prosressed from the flange threough the cvlinder wall, and cxiended
around the cylinder in a dimecnal direction, Tor aprrox ~. *ely onc-
fourth of the circumference.

The remainder of the fractured surfaces showred the characteristics
of failure under excesslve tensile lcad, conbined with bending of the
cylinder walls ané battering of the surfaces of fractirre,

The fact that tne cyliader barrel .as bent, crushed, and torn was
aevidence thst the material was ductile and nov brittle.

The fact that tpe zracture through the Fold-down flapge 1n a
ductile metal had cccurred witnout any deformation at the point of
fracture was substantiating eviaernce thet the original fracture was a
Tatigue fracture, origina - ve at 2 point of localized maximum stress,
and advancing under tne acticn of repeated stresses, and hed not
occurred as the result of a single application of force sufficient to
rupture the metal suddenly.



The angle bstween the top side of the hold-down flange and the
cylinder wall had been rounded with a fillet indicated to be 1/4-1nch
radius on the appraved drawing of the cylinder, Nec. C-21804, and found
by inspection to be 1n accordance with the drawing. l.owever, 2t each
hole for the hold-down studs, the fillet had been cut back, apparently
to make clearance for the nut, so that practically =11 of the fillet
had been cut away it 15 2 well-known fact that stresses across an
abrupt change 1n secticn are much greater than when a more gradual
change in secticn 1s provided by an adequate fillet,

In 2ddition to the siress-raising effect caused by cutting back
into tne fillet, a further, and pcssibly more severe localized stress
concentration effect was caused by the rough machined surface in the
clearance cuts at the stud holes. At one of the boli heles the surface
of the clearance cut contained a fissure which was mucn deeper and
longer than The tears and gouges found elsshwere on tne roughly machined
clearance cuts, All other surfaces of the cylinder which had besen
finished with machine tools appeared frirly smooth, even when nbserved
under low-power magnification. OCbserved at tne seme magnification, the
metal at the surfece 11 the clezrance cuits was torn and rough. This type
of surface, i1n parts subjectaed to repested siresces, is known to reduce
greatly the resistance of the part to fatigue failure.

A spscimer for chemical anslysis of the steel was cut from tins +op
portion of the cylinder barrel. The results of the chemical analysis
and the composition spscified 1n Pratt «nd whitney Aireraft Company
Specificetion IWAlSS (SAR 4140) were zs follows -

Pratt 2nd whitney Aircraft Coapany Results of Analysis by Navicnol
Specification FJAl8S (SAR 4140) Buresu of Stendards
0 35 to 0.45 percent Carbon 0.40 psrcent
.20 to .80 " Mangs~nese .75 "
.030 Maximum M Sulphur o2 "
. 040 " ' Phosphorus less than 04 "
Not spenified Silice~ 24 "
.80 to 1.10 percent Chrorium .91 "
15 %o .85 i Molyodeziim .24 "

The resulzs of the chemical analysis showed that the sheel comfermed
to the reguirements for chemical compesition as siven 1n Prott and
Whitney Aircraft Company Specificetion FWALBS, for chromium-molybdenum
steel (SAE 4140},
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The dimensicns of the cylinder, i1n so far as they wers checxked &7v
the Bureasu, conformed, within the permitted {iolerances, to the dimensicons
givern in the spproved drawing of the cylinder, No. CZ21804.

Jitheut cutting cway portions of the cylinder from the pert which,
1t was agreed, wos To be preserved intazct ¢s submitted to this Bureaw,
1t was pogsible to meke zn indentation hardness test by the ztrnderd
Brinell method at onlv one point, cn the hold-down flsnge. The Brinsll
number obtained was 285, which was, within experimentsl telerance, the
low end of the renge 286 to 321 specified i1n approved drawing of zhe
cylinder, No. C-21804,

Vickers numbers, appreximately eguivalenl to Brinell numbers, ob-
tarned on specimens used for netallographilc examination were s fellows--

1. ©Specimen of cylinder wall close-fo-origzin of fatigue fracture -
Vickers Ne., 30 kg load on 176° d1zmorz pyram:d
287
284
292
Z. Specimen from cylinder wall, slightly above hold-down flange -
Vickers No., 30 kg load on 1567 diamond pyramid
303
311
3. Cross-secticn of hold-down flange, same load =nd dizamond -
Vickers No. 301
Although the Vickers numbers ootainsd on cne spscimen from the
ecylinder wall were slightly higher than theose obtained on other spsacimens,
the Vickers numbers likewise showed that the steel conforred to the

specifisd reguirements for hordness.

it w=s not praciiczble to obtain specimens for iensile tests, impact
tests or other-types of strength tesits.

Tnder the czption "Physical Properties™ the Prast and «hitney Speci-
Tication PWA 185 st=tes M.aterial exhibiting physical cefects, suca as
seams, tears, groaves, laminationg, slivers, pitting ---- will be re-
Jeeted " No evidence of sach defects were found 1n tvhe foiled cylinder.,
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Metzllographic examinations were made on specimens cubt from porticns
of the cylinder close to the point of srigin of the fatigue fracturs, from
portiens close to the course of the fatigue fracture, and from portions
remote from any of the factured surfaces. Some of the specimens had been
removed from the cylinder and prepared for metallcgraphic examinztion
elseyrere, before the cylinder was submitted to the Bureau, These were
repolished and re-examined at the Bureau, the results agreeing wish the
results cbtained else lere.

Tte steel, in =ll of the specimens exmmined, contained numerous non-
mevollic inelusions for the most pert farrly uniformly cdistributed, and of
a fzirly uniform size. Eech of two of the specimens examined contelned
2150 one or rore lsrge non-metzllic inclusions of o size not nermally found
1n £lloy or plain carbon steels of a qu-lity considered sctisfeetory for
parts of alreraft .ngines, such as cronkshafts, comnecting rods, etc. which
are subjected to fotigue stresses.

It 18 generslly conceded thot l=arge non-metellic inclusions, such as
thogse found 1in several of the specimens from the feiled cylinder, wnen
located 1n regilens subject to repssted stresses, constitute points of
localized wenknese which may decrese the resistonce of the materizal to
fatigus fracture.

The microstructure of the steel, as revealed by sultable etching of
the polished specimens, was rather coarse grained, a condition which 1s
not necessarily detrimental to the physicel properties, and may be desirable
for reasons such zs providing satisfectory machining qualities.

In the opinion of this Bureau, at least two factors contributed to the
Teziure of this cylinder. These were -

1 The clecrence cute 1n the fillet =zt the bolt holes
which produced a region of high stress concentrction.

2. The accenturtion of this stress concentration by
the roush machining of these cle.rance cuts.

Thege Testires azre known causes of fetigue failure in perts sub,sct 1o
alterneting stresses. Tnat they were major fectors in causing the failure
of this ecylinder 1s confirmed by the existence of fatifue fractures ori-
ginating in the clearance cuts 2t two hold-down stud bolt holes 1n the
flange of another cvlinder of the same design from snother engine.

In the opinion of this Bureou, the lerge nen-metellic inclusions
found in twe of the specimens examinsd may heve constituted & third factor
contributing to the faibure. IHowever, no evidence was found of the preswmq
of large non-metallic i1nclusiocns at the point of crigin of the fatigus
fracture.



Nc evidence was cbteolned, 1a tne examinsationg and tests performed
at the National Bur=seu of Stancdards on tThe material of th: submittad
cylinder, of any dep-rtuies, exceeding the permitted tolerences, from
the mpecific requirerents given in the cpproved drawing of tne eylinder,
No. C-21804 and Pratt and Whitney Specification, TwA 185 (SAE 4140}
chromum-melybdenum otecl.

(S2gn=d) L. J. Brigas

Lymen J. Briggs, Direetor.
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